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Appendix A

Veneer Stability Calculations and Plots
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NON-WOVEN GCL/NON-WOVEN GEOCOMPOSITE INTERFACE DATA

Peak Shear 80 % of Peak Residual Shear
Nom:;:“s)trm Stress Shear Stress Stress Source of Data
(pst) (psf) (psf)
Low Normal Stress :
Leve) (SL. < 600 psf)
125 98 78.4 93 MW (2000)
240 138 1104 126 MW (2000)
490 224 179.2 199 MW (2000)
72 28 224 25 Koutsourais et al (1990)
144 85 44 50 Bentomat (STS, 1996)
288 111 888 99 Bontomat (STS, 1996)
§76 221 176.8 198 Bentomat (STS, 1996)
Bentomat (CETCO,
504 9 152.8 116 1996)
Bentomat (CETCO,
144 213 170.4 39 1996)
Bentomat (CETCO,
302 148 1184 81 1986)
101 114 91.2 32 Bentomat (AGP, 1996)
202 166 132.8 64 Bentomat (AGP, 1996)
403 271 2168 128 Bentomat (STS, 1999)
| 600 < SL <2,000 psf | :
960 386 335 MW Data - Woven GCL
1440 553 498 Bentomat (GA, 1992)
1008 316 233 Bentomat (GSC, 1998)
1440 424 332 Bentomat (GSC, 1998)
706 279 189 Bentomat (VE, 1998)
High Normal Stress
Level (> 2,000 psf)
7488 3708 Bentomat (SL, 1996)
9936 4737 Bentomat (SL, 1996)
12528 5826 Bentomat (SL, 1996)




TEXTURED HDPE/ NON-WOVEN GEOCOMPOSITE INTERFACE DATA

Normal Stress — Peak Shear 80 % of Peak | Residual Shear
(psh) Stress Shear Stress Stress Source of Data
P (psf) (bsh (psf)
Low Normal Stress
Level < 2,000 pst
SL < 600 psf 72 151 120.8 82 NW Lining - Unsaturated
144 202 161.6 115 NW Lining - Unsaturated
288 271 - 216.8 171 NW Lining - Unsaturated
72 156 124.8 84 NW Lining - Saturated
144 196 156.8 124 NW Lining - Saturated
288 372 297.6 206 NW Lining - Saturated
432 476 380.8 Koutsourals et al (1990)
202 289 231.2 84.5 Bentomat (AGP, 1996)
504 499 399.2 211 Beniomat (AGP, 1996)
72 120 96 28.9 CETCO (1998)
202 182 145.6 81.2 CETCO (1998)
504 464 371.2 169.6 Bentomat (TRI, 1997)
504 301 240.8 162 Bentomat (TRI, 1997
| 600<SL<2000 psf | 1296 707 Koutsourais et al (1990)
1000 651 338 Bentomat (TRI, 1997)
1000 570 405.2 CETCO (1998)
1000 850 422 Bentomat {(AGP, 1996)
864 592 Koutsourais et al (1990)
1000 $17 324 Bentomat (TR, 1997)
1000 728 496 SERROT intl. (2000)
1000 605 302 SERROT intl. (2000)
High Normal Stress
Level (SL.>2,000
2016 1024 678.5 Bentomat (TR!, 1997)
2016 949 647.3 Bentomat (TRI, 1997)
4000 2131 1286 SERROT {ntl. (2000)
8000 ar732 2152 SERROT Intl. (2000)
4000 1893 1085 SERROT intl. {(2000)
8000 4064 2337 SERROT Intl. (2000)
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TEXTURED HDPE/NON-WOVEN GCL INTERFACE DATA

Peak Shear 80 % of Peak | Residual Shear
"°'“;'.os"°“ Stress Shear Stress Stress Source of Data
. {psf) {psf) {psf)
Low Normal Stress
Level (SL. < 2,000
SL < 600 pst
144 75 Geosyntec (7)
288 125
288 230 Geosyntec (7)
100 165 CH2M HILL (6/93) Mica
200 215 Nonwoven up
400 360
576 150
576 305 Bentofix
72 99 79.2 81 NW Lining - Saturated
144 197 157.6 132 NW Lining - Saturated
288 233 186.4 173 NW Lining - Saturated
72 168 134.4 25 NW Lining - Unsaturated
144 220 176 130 - NW Lining - Unsaturated
288 278 222.4 177 NW Lining - Unsaturated
Bentomat (CETCO,
72 120 96 29 1988)
202 182 145.6 81 Be""’";‘gtegﬁco-
202 289 231.2 84 Bentomat (AGP, 1896)
504 499 399.2 211 Bentomat (AGP, 1996)
504 464 371.2 170 Bentomat (TRI, 1997)
504 301 240.8 162 Bentomat (TRI, 1997)
| 600<SL< 2,000 psf |
1003 627 501.6 232 Stark et al (1996)
1008 570 456 405 Be"m"fgggc)nco'
1008 850 680 422 Bentomat (AGP, 1996)
1008 651 520.8 339 Bentomat (TRI, 1997)
1008 517 4136 324 Bentomat (TR, 1997)
Serrot Intl, (Oakridge
1000 728 582.4 496 Project)
Semot Intl. (Oakridge
1000 605 484 392 Project)
1162 390
1080 525 420 505 Geosyntec (11/64)
2000 650 520 473 AGP (7/95)
2000 611 488.8 . 572 Geosyntec (1/97)
1000 877 541.6 490 CH2M HILL (7/98) CHLF
7 1008 652 223 - Bentomat (PL, 1999)
7 1008 584 244 Bentomat (PL, 1999)
10 1440 703 413 Bentomat (GSC, 1999)
7 1008 929 328 Bentomat (GSC, 2000)
High Normal Stress
Level (SL > 2000 psB
2005 1253 1002.4 463 Stark et al (1996)
4010 2506 2004.8 926 Stark et al (1996)
5952 3719 2975.2 1374 Stark et al (1996)
2016 1024 819.2 678 Bentomat (TR, 1997)
2016 949 759.2 647 Bentomat (TR, 1997)
Serrot Inll. (Oakridge
4000 2131 1704.8 1286 Project)
Serrot Infl. (Oakridge
8000 3732 2985.6 2152 Project)
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1893

1980
2520
3150
1705
3263
3163

1579

3250

1514.4

3261.2

1584
2016
2520
1364
26104
2530.4
7018
1263.2
1040

3900
2324
2845.6

1408
24456

4055.2
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1085

2337
1700

2100
870

1140
993
1632
1881

1495

1597
2300

1167
1839
1656

1597

Serrot Inti, (Oakridge
Project)
Servot Inll. (Oakridge
Project)

STS (10/93)
Woven up

CETCO (8/94)
Woven up

TRI (5/93)
Woven up

Woven up

Woven up

CETCO (7/96)
Woven up

Nonwoven up

Bentomat (GSC, 1997)
Bentomat (GSC, 1897)
Bentomat (GSC, 1997)
Bentomat (TRI, 1997)
Bentomat (TRI, 1997)
Bentomat (TRI, 1997)
Bentomat (Emcon 1897)
Bentomat (Emcon, 1897)
Bentormat (Emcon, 1897)
Bentomat (CETCO, 1998)
Bentomat (CETCO, 1998)
Bentomat (CETCO, 1998)
Bentomat (GSC, 1989)
Bentomat (GSC, 1998)
Bertomat (GSC, 1998)
Bentomat (GSC, 1998)
Bentomat (GSC, 1998)
Bertomat (GSC, 1998)
Bentomat (TRI, 1938)
Bentomat (TAI, 1998)
Bentomat (TR, 1998)
Bertomat (PL, 1999)
Bentomat (PL, 1999)
Bentomat (PL, 1998)
Bentomat (PL, 1999)
Bentomat (GSC, 1999)
Bentamat (GSC, 1999)
Bentormat (GSC, 1999)
Bantomat (GSC, 2000)
Bentomat (GSC, 2000)
Bentomat {GSC, 2000)
Bentomat (GSC, 2000}
Bentomet (GSC, 2000}

Geosyntec (5/96);
Nonwoven up
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INEEL CERCLA Disposal Facility CH2M HILL

Final Cover - Veneer Stability (Static) Geotechnical Enginesring
Filename = ICDF_FinalCover_Veneer.XLS M. Reimbold/SEA

CASE 1 - Dead Load Only {Sel-Weight)

Method Reference: Copyright Stephen J. Drusche! 1992
Druschel, S.J., and Underwood, E.R. (1893). "Design of Lining and Cover
System Sideslopes,” accepted for publication and presentation,
Geosynthetics '93 Conference, Industrial Fabrics Association Intemational,
Vancouver, BC.

The purpose of this calculation is to evaluate the factor of safety

for the proposed configuration. Edit data in columns B-H, K & L.

Residual strength values will be reduced by the selected FS. The actual
FS will be the one where the anchorage strength equals zero.

Required Variables:

H Slope Haight (ft.) W, Equipment Weight (Ib/ft.)

Te Cover Soil Thickness (ft.) S, Seepage Thickness (it.)

Y Cover Soil Total Unit Weight (pcf) Yo Unit Weight of Water {pcf) (assumed at 62.4pcf)

B Slope Angle (degrees) s Factor of Safety (unitless)

¥ Soil Shear Strength Angle {degrees) Fa Anchor Force (Ib/ft)

3 Interface Friction Angle {degrees)

Required mobil. mobil.

Fa H Te Y B L 4 8 Fs v ] W, 5,
(Ivm) (feet) (feet) (pef) (deg) (deg) (deg) (FS) {deg) (deg) (ibfit) (leat)
-22943 28 5 135 218 410 38 - 1.00 40.00 38.00 0 0.00
-20888 28 5 135 ‘218 40 38 1.05 38.63 38.65 0 0.00
-19038 28 5 135 218 40 38 1.10 37.34 35.38 0 0.00
-17364 28 5 135 21.8 40 38 118 36.12 34.19 0 0.00
-15841 28 5 135 21.8 40 38 1.20 34.96 33.07 0 0.00
-14449 28 5 135 218 40 a8 125 33.87 32.01 0 0.00
-13172 28 6 135 21.8 40 38 1.30 32.84 31.01 0 0.00
-11995 28 5 135 21.8 40 38 1.35 31.86 30.06 0 0.00
-10907 28 5 135 218 40 38 1.40 30.94 29.16 0 0.00

-9899 28 5 135 218 40 38 1.45 30.06 28.32 0 0.00

-8961 28 5 135 218 40 38 1.50 29.22 27.51 0 0.00

-8087 28 5 135 218 40 38 1.56 2843 26.75 0 0.00

~7271 28 5 135 218 40 38 1.60 27.67 26.03 0 0.00

-6506 28 5 135 218 40 38 1.65 26.96 2534 0 0.00

-5787 28 5 135 21.8 40 38 1.70 26.27 2468 0 0.00

5112 28 5 135 21.8 40 38 1.75 25.62 24.06 0 0.00

-4476 28 5 135 218 40 38 1.80 24.99 23.46 0 0.00

-3875 28 5 135 218 40 38 1.85 24.40 22.90 0 0.00

-3307 28 5 135 21.8 40 38 1.90 23.83 2235 0 0.00

-2769 28 5 135 218 40 38 1.95 23.28 21.83 0 0.00

-2259 28 5 135 21.8 40 38 2.00 2276 21.34 0 0.00

-1774 28 5 135 218 40 as 205 22.26 20.86 0 0.00

1314 28 5 135 218 40 38 © 210 2178 20.41 0 0.00

-875 28 5 135 218 40 38 2.15 21.32 19.97 ] 0.00
-457 28 5 135 218 40 38 220 20.88 19.55 0 0.00
-58 28 5 135 21.8 40 38 225 20.45 19.15 0 0.00
323 28 5 135 21.8 40 38 2.30 20.04 18.76 0 0.00
688 28 5 135 218 40 38 2.35 19.65 18.39 0 0.00
1037 28 5 135 218 40 38 2.40 19.27 18.03 0 0.00
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INEEL CERCLA Disposal Facility CH2M HILL

Final Cover - Veneer Stability (Static w/seepage Geotechnical Engineering
Filename = ICDF_FinalCover_Veneer.XLS M. Reimbold/SEA

CASE 2 - Dead Load Only +Seepage (2.5' = 50 height)

Method Reference: Copyright Stephen J. Drusche! 1992,
Druschel, S.J., and Underwood, E.R. {1993). "Design of Lining and Cover
System Sideslopes,” accepted for publication and presentation,
Geosynthetics ‘93 Conference, Industrial Fabrics Association International,
Vancouver, BC.

The purpose of this calculation is to evaluate the factor of safety

for the proposed configuration. Edit data in columns B-H, K& L.

Residual strength values will be reduced by the selected FS. The actual
FS will be the one where the anchorage strength equals zero.

Required Variables:
H Slope Height (ft.) W, Equipment Weight (Ibfft.)
T.  Cover Soil Thickness (ft.) 8§,  Seepage Thickness (ft.)
Y Cover Soil Total Unit Weight (pcf) ' Unit Weight of Water (pcf) (assumed at 62.4pcf)
B Slope Angle (degrees) . Factor of Safety (unitiess)
y Soil Shear Strength Angle (degrees) Fa Anchor Force (Ib/ft)
] Interface Friction Angle {degrees)
Required mobil. maobil.
Fa H Te H B ¥ 3 FS L4 5 W,
(bR)  (feot)  (fee) (pef)  (deg)  (deg)  (deg) (FS) (deg)  (deg) (k)  (fest)
~14346 28 5 135 218 40 38 1.00 40.00 38.00 0 2.50
-12701 28 5 135 218 40 38 1.05 38.63 36.65 0 250
~11223 28 5 135 218 40 38 1.10 3734 35.38 0 2.50
-9889 28 5 135 218 40 38 1.15 36.12 34.19 0 2
-8677 28 5 135 21.8 40 38 1.20 34.96 33.07 0 2
-7572 28 5 135 21.8 40 38 1.25 33.87 32.01 0 25U
-8559 28 5 136 218 40 38 1.30 32.84 31.01 0 2.50
-5627 28 5 135 218 40 38 1.3% 31.86 30.06 0 2.50
-4767 28 5 138 218 40 38 1.40 30.94 29.16 0 2.50
-3970 28 5 135 21.8 40 38 1.45 30.06 28.32 0 2.50
-3230 28 6 135 218 40 38 1.50 29.22 2751 0 2.50
-2541 28 5 135 218 40 38 1.55 28.43 26.75 0 250
-1898 28 5 135 218 40 38 1.60 27.67 26.03 0 2.50
-1296 28 5 135 218 40 38 1.65 26.96 25.34 ¢ 2.50
-731 28 5 135 21.8 40 38 1.70 26.27 24.68 (4] 250
-200 28 5 135 218 40 38 1.76 25.62 2406 0 250
300 28 5 135 218 40 38 1.80 24.99 23.48 0 250
772 28 5 135 218 40 38 1.85 24.40 22.90 0 2.50
1218 28 5 135 21.8 40 38 1.90 23.83 22,35 0 250
1639 28 5 135 218 40 38 1.95 23.28 21.83 0 250
2039 28 5 135 218 40 38 2.00 22.76 21.34 0 2.50
2419 28 5 135 218 410 38 2.05 2228 20.86 o 250
2780 28 5 135 218 40 38 210 21.78 20.41 0 250
3123 28 5 135 218 40 38 215 21.32 19.97 0 250
3450 28 5 135 218 40 38 2.20 20.88 19.55 0 2.50
3763 28 5 135 218 40 38 225 2045 19.156 0 2.50
4061 28 5 135 21.8 40 38 2.30 20.04 18.76 0 2.50
4346 28 5 135 218 40 as 235 1965 18.39 0 250
5 135 21.8 40 38 2.40 19.27 18.03 0 2.50

4619 28
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Appendix B
Global Stability Calculations and Plots
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TEXTURED HDPE/ NON-WOVEN GEOCOMPOSITE INTERFACE DATA

Normal Stress Peak Shear 80 % of Peak Residual Shear
(psh) Stress Shear Stress Stress Source of Data
_(psft) (psf) (psf)
Low Normal Stress
Level < 2,000 psf
SL < 600 psf 72 151 120.8 82 NW Lining - Unsaturated
144 202 161.6 115 NW Lining - Unsaturated
288 271 216.8 171 NW Lining - Unsaturated
72 166 124.8 84 NW Lining - Saturated
144 196 156.8 124 NW Lining - Saturated
288 372 297.6 206 NW Lining - Saturated
432 476 380.8 Koutsourais et al (1990}
202 289 231.2 845 Bentomat (AGP, 1996)
504 499 399.2 211 Bentomat (AGP, 1996)
72 120 96 28.9 CETCO (1998)
202 182 145.6 81.2 CETCO (1998)
504 464 371.2 169.6 Bentomat (TRI, 199
504 301 240.8 162 Bentomat (TRI, 1997,
|  600<SL<2000 psf | 1296 707 Koutsourais et al (1990)
1000 651 339 Bentomat (TRI, 1997) -
1000 570 405.2 CETCO (1998)
1000 850 422 Bentomat (AGP, 1996)
864 592 Koutsourais et al (1990)
1000 517 324 Bentomat (TRI, 1997)
1000 728 496 SERROT Inti. (2000)
1000 605 392 SERROT Inil. (2000)
High Normal Stress
Level (SL>2,000 psf)
2016 1024 678.5 Bentomat (TR, 1997)
2016 949 647.3 Bentomat (TRI, 1997)
4000 2131 1286 SERROT Intl. (2000)
8000 3732 2152 SERROT Intl. (2000)
4000 1893 1085 SERROT Infl. (2000)
8000 4064 2337 SERROT Intl. {2000)
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TEXTURED HDPEMNON-WOVEN GCL INTERFACE DATA

B-13

N Peak Shear 80 % of Peak Residual Shear ]
(;'j)" ess Stress Shear Stress Stress Source of Data
(psh) (psh (psf)
Low Normal Stress
Level (SL < 2,000 psf)
SL < 600 pst
144 75 Geosyntec (?)
288 125
288 230 Geosyntec (?)
100 165 CH2M HILL (6/93) Mica
200 215 Nonwoven up
400 360
576 150
5§76 305 Bentofix
72 99 79.2 81 NW Lining - Saturated
144 197 157.6 132 NW Lining - Saturated
288 233 186.4 173 NW Lining - Saturated
72 168 1344 95 NW Lining - Unsaturated
144 220 176 130 NW Lining - Unsaturated
288 278 2224 177 NW Lining - Unsaturated
Bentomat (CETCO,
72 120 96 29 1988)
Bentomat (CETCO,
202 182 145.6 81 1988)
202 289 231.2 84 Bentomat (AGP, 1996)
504 499 390.2 211 Bentomat (AGP, 1996)
504 464 371.2 170 Bentomat (TRI, 1997)
504 301 240.8 162 Bentomat (TRI, 1997)
[ 600<5L< 2,000 psf_|
1003 627 501.6 232 Stark et al (1996)
1008 570 456 405 B""'°";°;9(8°)E'°°'
1008 850 680 422 Bentomat (AGP, 1998)
1008 651 520.8 339 Bentomat (TR, 1697)
1008 517 4136 324 Bentomat (TR!, 1997)
- Serrot Intl. (Oakriige
1000 728 582.4 496 Project)
Serrot Intl. (Oakridge
1000 605 484 392 Project)
1152 390
1080 525 420 505 Geosyntec (11/94)
2000 650 520 473 AGP (7/95)
2000 611 4888 §72 Geosyntec (1/97)
1000 677 5416 490 CH2M HILL (7/98) CHLF
7 1008 652 223 Bentomet (PL, 1999)
7 1008 584 244 Bentomat (PL, 1999)
10 1440 703 413 Bentomat (GSC, 1999)
7 1008 929 328 Bentomat {GSC, 2000)
High Normal Stress
Level (SL > 2000 psf)
2005 1253 1002.4 463 Stark et al (1996)
4010 2506 2004.8 926 Stark et af (1996)
5952 3719 2975.2 1374 Stark et al (1996)
2016 1024 819.2 678 Bentomat (TRI, 1997)
2016 949 759.2 647 Bentomat (TRI, 1997)
Serrot Infl. {Oakridge
4000 2131 1704.8 1286 Project)
Serrot Intl. (Oakridge
8000 3732 2985.6 2152 Project)




5000
7500
10000

1893

871
2016

1532

15144

3261.2

1584
2016
2520
1364
2610.4
701.6
1263.2
1040
3900
28456

1408
2445.6

4055.2

5552

B-14

1085

4700

1167

Serrot Indl. (Oakridge
Project)
Serrot Intl. (Oakridge
Project)

STS (10/93)
Woven up

CETCO (8/94)
Woven up

TRI (5/93)
Woven up

Woven up

Woven up

CETCO (7/96)
Woven up

Nonwoven up

Bentomat (GSC, 1997)
Bentomat (GSC, 1997)
Bentomat (GSC, 1997)
Bentomat (TRI, 1997)
Bentomat (TRI, 1997)
Bentomat (TRI, 1997)
Bentomat (Emcon 1997)
Bentomat (Emcon, 1997)
Bentomat (Emcon, 1897)
Bentomat (CETCO, 1698)
Bentomat (CETCO, 1998)
Bentomat (CETCO, 1998)
Bantomat (GSC, 1998)
Bentomat {GSC, 1998)
Bentomat (GSC, 1998)
Bantomat (GSC, 1996)
Bontomat (GSC, 1998)
Bentomat (GSC, 1998)
Bentomat (TRI, 19989)
Bentomat (TR, 1968)
Bantomat (TR, 1998)
Bentomet (PL, 1999)
Bentomat (PL, 1999)
Bantomat {PL, 1999)
Bentomat (PL, 1999)
Bentomat (GSC, 1999)
Bentornat (GSC, 1999)
Bentomat (GSC, 1999)
Bantomat (GSC, 2000)
Bentomat (GSC, 2000)
Bentomat (GSC, 2000)
Bantomat (GSC, 2000)
Bentomat (GSC, 2000)

Geosyntec (5/96);
Nonwoven up



GCL INTERNAL STRENGTH DATA

Peak Shear 80 % of Peak | Rosiduat Shear
N“m(:‘:““ Stress Shear Stress Stress Source of Date
__ _{psh) —{psh) pot)
Low Normsl Stress
Level
< 2000 psf 200 274 218 James Clem 2/94
1440 1020 Needlepunched GCL
500 425 425 CH2M HILL 4/94, KFLF
1000 765 824 Geosyntec, 8/96
1250 942 875 ST
1500 1130 925
1000 1310 576 CH2M HILL 7/98, CHLF
High Normal Stress
Level
>= 2,000 pst 3000 1015 Emcon 12/93
6000 1710
9000 2640
2000 1740 705 Geasyntec, 2/94
10000 4820 1720
7200 1745 965
Native SoWinternal,
2000 900 900 Bentomat ST
5000 1800 1800
10000 3010 3010
2016 1215 705 CETCO 7195
4032 2425 780
7200 4325 ° 792
5000 3945 084
10000 7056 1425
20 2880 2881 Bentomat (GRI, 1991)
14 2016 1602 Bentomat (UTA, 1991)
19 2736 1953 . Bentomat (UTA, 1981)
14 2016 1413 248 Bentomat (GSC, 1994)
70 10080 5003 1238 Bertomat (GSC, 1994)
142 20448 9619 2511 Bentomat (GSC, 1994)
14 2018 1837 kz4 Bertomat (CETCO, 1905}
28 4032 3049 155 Bomomat {CETCQ, 1995)
50 7200 4952 27 Bentomat (CETCO, 1995)
20 2880 3948 196 Bantomat (PUWL, 1997)
40 5760 5706 393 Bentomat (PUWL, 1997)
20 2880 3502 293 Bentomal (PUWL, 1997)
14 2016 918 417 Bentomat (TR, 1997)
20 2880 1937 405 Bentomat (PL, 1998)
45 6480 3851 211 Bantomat (PL, 1996)
20 2880 1943 405 Bentomat (PL, 1996)
45 6480 3939 [:33] Bentomat (PL, 1908)
20 2880 1906 456 Bentomat (PL, 1998)
45 6480 3585 1026 Bantomat (PL, 1998)
20 2880 2056 456 Bentomat (PL, 1998)
45 6480 3735 1026 Benmomat (PL., 1998)
20 2880 1928 354 Bentomat (PL, 1998)
45 6480 3682 796 Bentomat (PL, 1998)
20 2880 2002 560 Bontomat (PL, 1998)
45 8480 3768 1260 Bantomat (PL, 1998}
20 2880 1964 405 Bentomat (PL, 1998)
45 8480 3720 211 Bentomat (PL, 1098)
17 2448 2652 Bentomat (TR, 1998)
32 4608 4198 Bentoinat (TR, 1998)
75 10800 8631 Bentomat (TR, 1998)
104 14978 7893 1839 Bentomat {GSC, 1999)
139 20016 9243 2458 Bentomat (GSC, 1999)
174 25056 10594 3076 Bentornat (GSC, 1999)
20 2880 1422 718 Bontomat (PL, 1999)
45 6480 2803 1616 Bentomat (PL, 1999)
20 2880 1293 560 Bentornat (PL, 1999)
45 6480 2462 1260 Bantomat (PL, 1999)
20 2880 1349 508 Bentomat (PL, 1999)
45 6480 2588 1143 Bsmomat (FL. 1999)
14 2018 1845 283 Bentomat (GSC, 1999)
28 4032 2500 6687 Bentomat (GSC, 1909)
58 8064 3810 1133 Bentomat (GSC. 1999)
12 16128 8430 2267 Bentomat (GSC, 1998)
150 21600 7000 2270 Bantomat (GSC. 2000)
250 36000 9747 3784 Bantomat (GSC, 2000)
400 57600 13868 6054 Bentomat {GSC, 2000)
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Appendix C
Site-Specific Interface Shear Strength Data and Plots
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Precision Geosynthetic Laboratories ?

June 8, 2001

Mr. Mike Reimbold

CH2M HILL

777 108" Avenue NE
Bellevue, WA 98004-5118

Dear Mr. Reimbold: RE: INEEL CDF

Thank you for consulting Precision Geosynthetic Laboratories for your material
testing needs.

It should be noted that the test specimen and test sample used for this report was believed
to be representative of the material produced under the designation herein stated.
However, these resuits are indicative of only the specimens that were actually tested. The
testing herein is based upon accepted industry practice as well as the test method listed.
Precision Geosynthetic Laboratories neither accepts responsibility for nor makes claims to
the final use and purpose of the material.

By accepting the data and results represented on this report, Client agrees to limit the
liabilty of Precision Geosynthetic Laboratories from Client and all other parties for claims
arising out of the use of this data to the cost for the respective test(s) represented in this
report, and Client agrees to indemnify and hold harmless Precision Geosynthetic
Laboratories from and against all liability in excess of the aforementioned limit.

The test data and all associated project information provlded shall be held in confidence
and disclosed to other parties only with the authorization of Client or Precision

Geosynthetic Laboratories.
it is a company policy to keep the physical records of each job for 2 years since the receipt
of the samples and keep the electronic file for 7 years. We will dispose the samples two

weeks after the final report is faxed to you. Should you want us to keep them for some
period of time, please advise us immediately.

If you have any questions or if we may be of further service, please do not hesitate to call
at 800-522-4599.

Sincerely,

PRECISION GEOSYNTHETIC LABORATORIES

Eﬁﬂr}tor

Quality Assurance

Enclosure: (Job No. 010449)

@‘- dueja

Vice President

1160 North Gilbert Street, Anahelm, CA 92801, Tel # 714-520-9631, Fax # 714-520-9637

C3 .
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Precision Geosynthetic Laboratories ? =

CRGNTEARL WC.

LA

CLIENT: CH2M HILL
PROJECT: INEEL CDF

IN TEST RE
{PGL Job No. 010449

SAMPLE IDENTIFICATIONS:

SAMPLE 1D PRECISION DATE RECEIVED ORIGIN
CONTROL OF
NUMBER MATERIAL
Operations Layer 70871/70872 , 57247101
HDPE Textured Liner "~ 70692 5/25/01 GSE
HDPE Textured Liner ) fnthm¥fay 70503 5/25/01 GSE
HDPE Textured Liner 706894 5125/01 GSE
Soil Bentonite 70707 5/29/01 Soil Tech Inc.
GCL Roll 1257 Lot 20011910 70751 5/30/01 Cetco
D/S Geocomposite 70809 6/1/01 GSE
TESTS REQUIRED:
TEST METHOD DESCRIPTION
ASTM D6243 Interface Shear
ASTM D5321 Interface Shear

CONDITIONS: The samples were conditioned for & minimum one hour in the laboratory at 22 + 2°C (71.6 +
3.6%% and at 60 + 10% relative humidity prior to test.

JEST RESULTS:

'gm: hlestta gsults is summarized in Tables 1 through 11 . The units in which the data are reported are included
n the tables. |

PREG ! IC LABORATORIES

o

Edith Pintor Cora B-Queja

Quality Assurance Vice President
1160 North Gifbert Street, Anaheim, CA 92801, Tel # 714-520-9631, Fax # 714-520-9837
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180 9002
Precision Geosynthetic Laboratories B BRIE
March 11, 2002 E’é

Mr. Mike Reimbold
CH2MHILL

777 108 Avenue NE
Bellevue, WA 98004-5118

Dear Mr. Reimboid: RE: Inee! CDF

Thank you for consulting Precision Geosynthetic Laboratories for your material
testing needs.

It shouid be noted that the test specimen and test sample used for this report was believed
to be representative of the material produced under the designation herein stated.
However, these results are indicative of only the specimens that were actually tested. The
testing herein is based upon accepted industry practice as well as the test method listed.
Precision Geosynthetic Laboratories neither accepts responsibifity for nor makes claims to
the final use and purpose of the material.

By accepting the data and results represented on this report, Client agrees to limit the
liability of Precigsion Geosynthetic Laboratories from Client and all other parties for claims
arising out of the use of this data to the cost for the respective tesl(s) represented in this
report, and Client agrees to indemnify and hold harmless Precision Geosynthetic
Laboratories from and against all liability in excess of the aforementioned limit.

The test data and all associated project information provided shall be held in confidence
and disclosed to other parties only with the authorization of Client or Precision Geosynthetic

Laboratorles.
It is a company policy to keep the physical records of each job for 2 years since the receipt
of the samples and keep the electronic file for 7 years. We will dispose the samples two

weeks after the final report is faxed to you. Should you want us to keep them for some
period of time, please advise us immediately.

If you have any questions or if we may be of further service, please do not hesitate to call at
800-522-4599. ‘

Sincerely,
PRECISION GEOSYNTHETIC LABORATORIES

Ediﬂ:t?ﬁtor {e6ra B Dueje

Quality Assurance Vice President

Enclosure: (Job No.020106)

1160 North Gilbert Street. Anaheim, CA 92801. Tel # 714-520-8631, Fax # 714-520-9637
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Precision Geosynthetic Laboratories

M

CLIENT: CH2MHILL
PROJECT: Ineel CDF

INTERFAC TEST RESULTS
ob No. 0201¢

SAMPLE IDENTIFICATIONS:

SAMPLE ID PRECISION DATE RECEIVED ORIGIN
CONTROL OF
NUMBER MATERIAL
Bentomat DN R#7096 L#200146L0 74355 3/4/02 CHZMHILL
" HDPE Textured — RET replace 74356 3/4/02 CH2MHILL
- Geocomposite Prickin Flw _ 74356 3/4/02 CH2MHILL
A tesiz #3419
6 1o U
TESTS REQUIRED:
TEST METHOD DESCRIPTION
ASTM D5321 ' Interface Shear
ASTM D6243 interface Shear

TEST CONDITIONS: The samples were conditioned for a minimum one hour in the faboratory at 22 + 2°C (71.6 + 3.6°F)
and at 60 + 10% relative humidity prior to test.

TEST RESULTS:

Thet;"tes;ta tr)?su“s are summarized in Tables 1 through 4. The units in which the data are reported are included
an the tables.

PRECISION GEOSYNTHETIC LABORATORIES

——

rfov ,,_ﬂ/
O

Edith Pintor Cora B. QuSja
Quality Assurance Vice President

1160 North Gilbert Street. Anaheim, CA 92801. Tel # 714-520-9631. Fax # 714-520-9637

C-6



JABLE 1.

CLIENT: CH2M HiLL
PROJECT: INEEL CDF

INTERFACE QEER I%§|T RESUhl {ASTM D5321)
ob No. ﬂ
QC'd by:

June 8, 2001

TEST CONFIGURATION #1

Operations Layer (Sand) / CH T06T1

Geocomposite CON Roll#9303641141/ C#70808

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 20" x 20",
2. Operations Layer (Sand) was lightly tamped info the top box at 5.04% moisture content.
CONSOLIDATION:
1. Each set of specimen was consofidated under drained condltion for 15 min at normal load before shearing.
SHEAR TEST:
1. Sheer test was conducted at 0.04 in/ min.
2 Sheared at minimum 2.0 inch horizontal displacement.
3. The test specimens were sheared in drained condition.
‘ “ests ware performed in general accordance with ASTM D5321-82
Jsing Brainard- Kilman LG-112 Direct Shear machine with effective area of 12inx 12 in.

TEST RESULTS:
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH
NORMAL SHEAR PEAK SHEAR 2.0 DISPLACEMENT
STRESS STRESS SECANT ANGLE STRESS SECANT ANGLE
(psi) (pef) (pef) (psh)
0.69 100. 197 &3 77 61
1.74 260 294 50 268 47
347 500 574 49 492 45
COHESION (psf): 83 86
FRICTION ANGLE (degrees): 43.8 386
COEFFICIENT OF FRICTION: 0.96 0.80

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.

OBSERVATIONS:
Failure occurred along the interface. See Figure #1 and #2
No stretching, abrasion, or tearing was obsefved on the Geocomposite specimens.

ISO 8002

$11813%)

B PN E
. g
Precision Geosynthetic Laboratories NN 4acf——
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1ABLE 2.

CLIENT: CH2M HILL
PROJECT: INEEL CDF

INTERFACE SHEAR TEST BESULT ({ASTM D5321)
o.
QC'd by:

June 12, 2001
TEST CONFIGURATION #2
T o —®
Operations Layer (Sand) [ CH¥ 70671
Geocomposite CON RolF#9303841141/ CH#70808
TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 20" x 20°.
2. Operations Laysr (Sand) was bightly tamped into the top box at 5.04% molsture content.
CONSOLIDATION:
1. Each set of specimen was consolidated under drained condition for 15 min at normal kad before shearing.
SHEAR TEST:
1. Shear test was conducted at 0.04 in/ min.
2. Sheared at minimum 2.0 inch horizontal displacament.
3. The test apecimens were sheared in drained condition.
4. Tests were performed in general accordance with ASTM D5321-82
using Brainafd- Kiiman LG-112 Direct Shaar miiching with affective area of 12inx 12in.
TEST RESULTS:
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH
NORMAL SHEAR PEAK SHEAR 2.0" DISPLACEMENT
STRESS STRESS SECANT ANGLE STRESS SECANT ANGLE
(ps) (s (psh) (psh
694 1000 789 38 721 36
278 4000 29 35 2776 s
656 8000 5169 33 4302 2
COHESION (psf): 212 385
FRICTION ANGLE (degrees): 32.0 274
COEFFICIENT OF FRICTION: 0.62 0.52

NOTE: The friction angles and cohesion resuits given here are based on mathematically determined best fit line.

OBSERVATIONS:
Failure occurred along the interface. See Figure ¥1 and #2
No stretching, abrasion, or tearing was observed on the Geacomposite specimens.

IS0 9002

12))

~r %
Precision Geosynthetic Laboratories 03 ;E—-
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TABLE 3R
CLIENT: CH2MHILL
PROJECT: Ineel CDF

INTERFACE SHEAR TEST RESULT (ASTM D 5321)
PGL Job No. G020106

QC'd by:
8-Mar-02
TEST CONFIGURATION # 3R
Pt L TOR BOR T T
' Toxtured HOPE  / C#74356 ]
Geocomposite / CH74357
- BOTTONLBOX:
TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimen were cut along machine direction to 14" x 18",
CONSOLIDATION:
1. Each set of specimen was consolidated under dry condition for thour @ normal load before shearing.
SHEAR TEST:
1. Sheartestwas conducted @ 0.2  in/ min.
2. Sheared @ minimum 2.0 inch horizontal displacement.
3. The test specimens were sheared in dry condition.
4. Test were performed in general accordance with ASTM D5321-92
using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12 in X 12 in.
TEST RESULTS:
PEAK STRENGTH 20" DISPLACEMENT STRENGTH
SHEAR PEAK SHEAR 20" DISPLACEMENT
- Normal Stress STRESS SEGANT ANGLE STRESS SECANT ANGLE
{psi) {psf) {psf) (degrees) (psi) (degrees)
0.69 100 295 71 198 63
1.74 250 450 61 261 46
347 500 606 50 351 35
COHESION {psf): 234.5 162.28
COEFFICIENT OF FRICTION: 0.76 0.38
FRICTION ANGLE(degreas): 373 208
NQTE: The friction angles and cohesion results given here are based on mathematically determined best fit line,
OBSERVATIONS:
Sea Figure #1 and #2
No stretching or tearing was observed with the HDPE or geocomposite specimens.
1SO S002
s PR
isi i : : A S
Precision Geosynthetic Laboratories N 3 e
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TABLE 4R
CLIENT: CHZMHILL
PROJECT: Ineel CDF

INTERFACE SHEAR TEST RESULT (ASTM D 5321)
PGL Job No. G020106

QC'd by: ;
/" 11-Mar-02
TEST CONFIGURATION # 4R
TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimen were cut along machine direction to 14" x 18".
CONSOLIDATION:
1. Each set of specimen was consolidated under dry condition for thour @ normal load before shearing.
SHEAR TEST:
1. Shear testwas conducted @ 0.2 i/ min.
2. Sheared @ minimum 2.0 inch horizontal displacement.
3. The test specimans were sheared in dry condition.
4. Test were performed in general accordance with ASTM D5321-92
using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12in X 12 in.
TEST RESULTS:
PEAK STRENGTH 2.0 " DISPLACEMENT STRENGTH
SHEAR PEAK SHEAR 20" DISPLACEMENT
Normat Stress STRESS SECANT ANGLE STRESS SECANT ANGLE
{psi}  (psh (psh {degrees) (ps) (dagrees)
6.94 1000 737 36 458 25
27.78 4000 2242 29 1102 15
§5.56 8000 4174 28 2054 14
COHESION (psf): 258.5 214.32
COEFFICIENT OF FRICTION: 0.49 0.23
FRICTION ANGLE(degrees): 26.1 12.9

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.
OBSERVATIONS: '
See Figure #1 and #2

No stretching or tearing was observed with the HDPE or geocomposite specimens at alt normal loads.
Slight pull out of threads of the Geotextile was observed at 4000psf, and 8000psf.

IS0 90602
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TABLE 5R
CLIENT: CH2MHILL
PROJECT: Ineel CDF

INTERFACE SHEAR TEST RESULT (ASTM D 6243)
PGL Job No. G020108

QC'd by: a!!j

11-Mar-02
TEST CONFIGURATION # 5R
|5.'i§153Eif1f-‘f1313i515ififiiiiffifiﬁifiiifififZEI53EifififiEifiIQEEB@‘X?Jf1f1iif3§i3153515253§1£231f?313:i:-'.5.-' DR |
[ GC\L Bentomat DN R#7096 L#200146LO ( Non-Woven) | C#74355 ]
r Toxtured HDPE  /  CHT4356 ' ]
——— l:?:35152’5151313-'5:515-51551315iE13331515ififZEIEIEIEIEEQﬁOMEBQXi}??E;f{3;Z:155.'2.'-52335'-51315151515153fififIEfiif151515-5-33?51513:51?'5I
TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimen were cut along machine direction fo 14" x 18"
2. Initial moisture content of the GCL is 14.97%.
HYDRATION / CONSOLIDATION:
1. Each set of specimen was hydrated and consolidated for 24hrs @ normal load before shearing.
SHEAR TEST:
1. Shear test was conducted @ 0.04 in/ min. :
2. Sheared @ minimum 2.0 inch horizontal displacement.
3. The test specimens were sheared in drained condition.
4. Test were performed in general accordance with ASTM 06243-98
using Brainard-Kilman L.G-112 Direct Shear machine with effective area of 12 in X 12 in.
TEST RESULTS:
FINAL MC PEAK STRENGTH 20 " DISPLACEMENT STRENGTH
GCL
SHEAR PEAK SHEAR 2.0 " DISPLACEMENT
Normal Stress STRESS SECANT ANGLE STRESS SECANT ANGLE
(psi) {psh % (psf) ~ (degrees) {psf) (degrees)
0.69 100 102.02 221 66 171 60
1.74 250 83.18 366 56 277 48
3.47 500 82.51 554 48 389 38
COHESION (psf): 146.8 127.39
COEFFICIENT OF FRICTION: 0.82 0.54
FRICTION ANGLE(degreas): 39.5 28.2
NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.
OBSERVATIONS:
See Figure #1 and #2 :
Na stretching or tearing was observed with either the GCL or HDPE specimens at ali normal loads.
~ ) ISO 8002
. AP | .|
Precision Geosynthetic Laboratories [ 3| ===
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TABLE 6R
CLIENT: CHZMHILL
PROJECT: Ineel CDF

INTERFACE SHEAR TEST RESULT (ASTM D 6243)
PGL Job No. G020106

QC'd by: ﬂ! )

14-Mar-02

TEST CONFIGURATION # 6R

] GCL Bentomat DN R#7096 L¥200146L0 (Non- Woven) ! C#74355 I

r Textured HDPE / CH74356
— |

TEST CONDITIONS:

SAMPLE PREPARATION:
1. Specimen were cut along machine direction to 14" x 18",
2. initial moisture content of the GCL is 14.97%.

HYDRATION / CONSOLIDATION:

1. Each set of specimen was hydrated and consolidated for 24hrs @ normal load before shearing.
SHEAR TEST:

1. Shear test was conducted @ 0.04 in/ min.

2. Sheared @ minimum 2.0 inch horizontal disptacement.

3. The test specimens were sheared in drained condition.
4. Test were performed in general accordance with ASTM D6243-98
using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12in X 12 in.

TEST RESULTS:
FINALMC PEAK STRENGTH 2.0 * DISPLACEMENT STRENGTH
GCL
SHEAR PEAK SHEAR 2.0 OISPLACEMENTY
Normal Stress , STRESS SECANT ANGLE STRESS SECANT ANGLE
(ps]) (ps) % (psh (degrees) (psf} (degrees)
6.94 1000 78.25 1053 46 687 34
2778 4000 52.44 2452 32 1587 22
5556 8000 61.19 4513 29 2267 16
COHESION {psf}: §25.9 548.62
COEFFICIENT OF FRICTION:  0.50 0.22
FRICTION ANGLE(degreus): 26.4 12.6
NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.
OBSERVATIONS:

See Figure #1 and #2 .
No stretching or tearing was observed with either the GCL or HDPE specimens at all normal loads.

IS0 %002
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TABLE 7.

CLIENT: CH2M HILL
PROJECT: INEEL CDF

INTERFACE SH%R TEST RESULT (ASTM D6243)
O.
QC'd by: ﬁku

June 8, 2001

TEST CONFIGURATION- #7—--

Geocomposite CON Rolif9303641141/ CA 70809

GCL Bentomat DM ( Non- Woven) Roli# 1257 L#20311910/ C#70781

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine divection to 20" x 20",
HYDRATION:
1. GCL specimens were hydrated for 24hours at normal load.
CONSOLIDATION:
1. Each set of specimen was consolidated under drained condition for 15 min at nomal load before shearing.
SHEAR TEST:
1. Shear test was conducted at 0.04 in/ min.
2 Sheared at minknum 2.0 inch horizontal displacement.
The tost specimens ware sheared i drained carxdition.
Inkisl moisture content of the GCL was 17.6%, and the final were 65.3%, 62.2%, and 62.0% at normal loads of 100psf, 250psf, and 500psf

reepectively.
5. Tests were performed in general accordance with ASTM D8243-98
using Bralnard- Kilman L.G-112 Direct Shear machine with effective area of 12in x 12in.

TEST RESULTS:
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH
NORMAL SHEAR PEAK SHEAR 2.0" DISPLACEMENT
STRESS STRESS SECANT ANGLE STRESS SECANT ANGLE
(ps) (ps?) {psh (psh)
0.60 100 60 35 34 19
1.74 250 167 34 128 rid
3.47 500 s 33 260 27
COHESION (psf): 5.5
FRICTION ANGLE (degrees): 32.7
COEFFICIENT OF FRICTION: 0.64

NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.

OBSERVATIONS:
Failure steurred #long the interface” See Figure #1 and #2

No stretching, r tearing was observed on either the geocompasite, or the GCL specimens.
180 9002
. | | ) P =
Precision Geosynthetic Laboratories Y 4 g
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TABLE 8.

CLIENT: CH2M HILL
PROJECT: INEEL CDF

INTERFACE SHEAR TEST RE&%LT (ASTM D6243)
0 . ﬂ
QC'd by:

June 7, 2001

TEST CONFIGURATION #8

Geocomposits CON Roll#9303641141/ C¥ 70809

| GGL Bentomat DM ( Non- Wovan) Rolt#1267 L#20011910/ 70761

TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimens were cut along machine direction to 20" x 20",
HYDRATION:
1. GCL specimans were hydrated for 24hours at normal foed. S
CONSOLIDATION:
3. Each set of specimen was consotidated under drained condition for 15 min at normal load before shearing.
SHEAR TEST:
1. Shear test was conducted at 0.04 i/ min.
2. Sheared at minimum 2.0 inch horizontal displacement.
3. The test epecimens were sheared in drained condition.
4.  Initial molsture contert of the GCL was 17.6%, and the final were 63.4%, 62.4%, andeomatnotmalloadsoﬂooow 4000psf, and 8000psf
respectively.
6. Tests were performed in genaral socordance with ASTM D6243-98
using Bralnard- Kilman LG-1 12 Direct Shear machine with effective arsa of 12inx 12 in.
TEST RESULTS:
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH
NORMAL SHEAR PEAK SHEAR 2.0" DISPLACEMENT
STRESS STRESS SECANT ANGLE STRESS SECANT ANGLE
(ps) (psf) {ps) {psi)
694 1000 586 30 456 25
218 4000 1898 25 1654 Y74
856 8000 3863 26 3308 »
COHESION (psf): 82 39
FRICTION ANGLE (degrees): 26.1 22.2
COEFFICIENT OF FRICTION: 0.47 0.41

NOTE: The friction angles and cohesion resuits given here are based on mathematically determined best fit line.

OBSERVATIONS:
Failure occurred along the interface. See Figure #1 and #2

Stretching, a jon of the GCL was observed even at low foad of 1000 psf. The degree of deformation is more
pronounced at 180 8002
T 5 B
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JABLE 9

CLIENT: CH2M HILL
PROJECT: INEEL CDF

INTERNAL §HEA.§ ;ES’ RESULT {ASTM 6243)
0. ﬁ
QC'd by:

June 6, 2001

TEST CONFIGURATION #9

TEST CONDITIONS:

SAMPLE PREPARATION:

1. Specimens were cut to 20" x 20°

2. GCL specimens were constrained between two wooden boards with mending plates. The ends of each geotextiie were then sandwiched between a
second wooden substrate with mending plates.

HYDRATION:

1. GCLspoahmsmhydtmdforzﬂmmdmnndload

CONSOLIDATION:

1. Each set of specimen was consolidated under drained condition for 15 min at normal load before shearing.

SHEAR TEST:

1 Shear test was conducted at 0.04in/ min.
theared at minkmum 2.0 inch horizontal displacement.

3. The lest specimens wera shearad in drained condition. )

4. lnitisl molsture content of the GCL was 19.4%, and the final molsture content were 93.6 %, 88.6 %, and 83.5 % af normal loads of 1000psf, 4000ps!,
and 8000 pe! respectively.

S. Tesls were performed in general acoordance with ASTM D6243-98
using Brainard- Kilman L.G-112 Direct Shear machine with effective areaof 12inx 12in.

TEST RESULTS:
PEAK STRENGTH 2.0" DISPLACEMENT STRENGTH
NORMAL SHEAR  PEAK SHEAR  2.0” DISPLACEMENT
STRESS STRESS SECANT ANGLE STRESS  SECANT ANGLE
e (sh SR (pe) e
6.94 1000 1297 52 608 31
278 4000 2473 32 1832 25
5§56 8000 3069 21 2807 19
COHESION (psf): 1207 404
FRICTION ANGLE (degrees): 13.9 17.2
COEFFICIENT OF FRICTION: 0.25 0.31

NOTE: The friction angles and cohesion resuits given here are based on mathematically determined best fit line,

OBSERVATIONS: _
See Figure #

180 9002

. £ P =
Precision Geosynthetic Laboratories ) W ==
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JABLE 10R
CUENT: CHZMHILL
PROJECT: INEEL CDF

INTERFACE SHEAR TEST RESULT (ASTM D5321)
PGL Job No. G010449

Qcd by: __@L“
15-Jun-01

TEST CONDITIONS:
SAMPLE PREPARATION:

1. Specimen were cut along machine direction to 14" x 18"

2. Soil was compacted to 102.0 pcf @ 17.2 % moisture content.

CONSOLIDATION: _— -
1. Each set of spacimen was consolidated under wet candition ( sprayed with water), for 15 min @ normal load
before shearing.
SHEAR TEST:
1. Shear test was conducted @ 0.04 inf min.
2. Sheared @ minimum 2.0 inch horizontal displacement.

3. The test specimens were sheared in wet condition( sprayed with water).
4. Test were performed in general accordance with ASTM D5321-92
using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12in X 12 in.

TEST RESULTS:
PEAK STRENGTH 2.0 " DISPLACEMENT STRENGTH
FINAL MC SHEAR PEAK SHEAR 20" DISPLACEMENT
Nommal Stress  (GCL)  (Soil) STRESS SECANT ANGLE STRESS SECANT ANGLE
(psh) {ps9) %) (ps (degrees) (psh (degrees)
0.69 100 n/a 184 197 63 193 83
1.74 250 n/a 18.2 274 48 272 47
347 500 n/a 18.2 462 43 430 41
COHESION (psf): 120.7 128.3
COEFFICIENT OF FRICTION:  0.67 0.60
FRICTION ANGLE(degrees):  33.9 30.8

NOTE: The friction Tﬂgles and cohesion results given here are based on mathematically determined best fit line.

OBSERVATIONS:
See Figure #1 and #2
No stretching, abrasion, or tearing was observed on the HDPE specimens.

180 8002
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. TABLE 11R
CLIENT: CH2MHILL
PROJECT: INEEL CDF

INTERFACE SHEAR TEST RESULT (ASTM D 6321)
PGL Job No. G010449

QC'd by: ? Ljdt
un-01

TEST CONFIGURATION # 11R

[P
TEST CONDITIONS:
SAMPLE PREPARATION:
1. Specimen were cut along machine direction to 14" x 18",
2. Soil was compacted to 102.0 pcf @17.6% moisture content.
CONSOLIDATION:
1. Each set of specimen was consolidated under wet condition( sprayed with water) for 15 min @ normal load
before shearing.
SHEAR TEST:
1. Shear test was conducted @ 0.04 in/ min.
2. Sheared @ minimum 2.0 inch horizontal displacement.

3. The test specimens were sheared in wet ( sprayed with water) condition.
4. Test were performed in general accordance with ASTM D5321-82
using Brainard-Kilman LG-112 Direct Shear machine with effective area of 12 in X 12 in.

TEST RESULTS:
PEAK STRENGTH 20 " DISPLACEMENT STRENGTH
FINAL MC SHEAR PEAK SHEAR 20" DISPLACEMENT
Normai Stress  (GCL) {Soil) STRESS SECANT ANGLE STRESS SECANT ANGLE
(psi) (psf) %) (ps (degrees) (psh) (degrees)
6.84 1000 n/a 19.5 §90 31 555 29
27.78 4000 na 10.6 2280 29 2221 29
55.56 8000 n/a 18.2 4552 30 4374 29
COHESION (psf): 13.0 209
COEFFICIENT OF FRICTION:  0.57 0.5
FRICTION ANGLE(degrees):  29.5 . 288
NOTE: The friction angles and cohesion results given here are based on mathematically determined best fit line.
OBSERVATIONS: '

Ses Figure #1 and #2
No stretching, or tearing was observed on the HOPE specimens.
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